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(54) Proximity exposure device with distance adjustment device 



(57) A proximity exposure device with a distance 
adjustment device in which sufficient determination sen- 
sitivity can be obtained even in areas with a low reflect- 
ance factor, such as on a glass surface, is achieved by 
a distance measurement part having a light source for 
measurement purposes, a pinhole plate, an objective 
lens, a light detection device and the like, light emerging 
form the light source for measurement purposes being 
emitted via the pinhole plate and objective lens onto the 
mask surface/workpiece surface, and light reflected 
thereby is detected via the objective lens and pinhole 
plate by the light detection device. If the mask sur- 
face/workpiece surface is located at the focal point of 
the objective lens on the object side, reflected light with 
high intensity is incident in the light detection device. To 
measure the distance between the mask and work- 
piece, the distance measurement part is moved in the 
Z-direction and two peaks of intensity of the reflected 
light of mask M and workpiece W are determined. 
Based on the position of the distance measurement part 
at this time, the distance between the mask and work- 
piece is determined. After measuring the distance 
between the mask and workpiece, the distance 
between the mask and workpiece is set to the desired 
value and exposure is performed. 



FIG. 2 
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Description 

The invention relates to a proximity exposure 
device with a distance adjustment device for setting the 
distance between a mask and a workpiece. 

In proximity exposure, a mask and a workpiece are 
fixed adjacent to one another, essentially parallel light is 
emitted from the mask side onto the workpiece, 
between the mask and the workpiece a microscopically 
small intermediate space being formed, and thus, the 
mask pattern is transferred onto the workpiece. 

The reason that a microscopically small intermedi- 
ate space is formed between the workpiece and mask is 
to avoid various types of damage, such as scratches on 
the mask or the workpiece by contact of the mask with 
the workpiece, mask impurities due to adhesion of a 
photo-resist film and the like formed on the workpiece 
on the mask, and similar damage. 

To adjust the microscopically small intermediate 
space between the mask and workpiece, a process is 
conventionally used in which a strip, a sphere, and the 
like of metal or resin is inserted between the mask and 
workpiece as a spacer. In this process, the desired dis- 
tance can be easily adjusted if the thickness of the 
spacer is selected (measured) beforehand. 

This process prevents the mask and workpiece 
from coming into contact with one another over their 
entire surface. Therefore, the above described damage 
to which the mask and workpiece are subject can be 
reduced. Since, however as before, the mask and work- 
piece are partially in contact with one another via the 
spacer, the above described damage cannot be com- 
pletely prevented. 

To eliminate the above described defect, for exam- 
ple. Japanese patent disclosure document HEI 3-38024 
and Japanese patent disclosure document HEI 3-38025 
suggested measures. In the technology described in 
these two publications, there is a means for distance 
measurement and the described distance is set without 
contact of the mask with the workpiece. In this case, at 
three points within the mask surface/workpiece surface 
the distance is measured, the tilt of the workpiece car- 
rier is adjusted such that the distances at the three 
points become the desired distances, and thus, the 
desired distance is reached without contact. 

In the process described in the two aforementioned 
publications for distance measurement, in an optical 
system for measurement purposes, there is a mask on 
which a strip-like pattern is formed which is projected on 
the workpiece and mask, projected images being 
observed. Based on the difference between the position 
at which the projection image is focused on the mask, 
and the position at which the projection image is 
focused on the workpiece, the size of the distance is 
measured. 

Furthermore, distance measurement processes for 
the same purpose are known from Japanese patent dis- 
closure document SHO-63- 138730, Japanese patent 



2 

disclosure document HEI 5-226215, Japanese patent 
disclosure document HEI 6-5486, and Japanese patent 
disclosure document HEI 6-283400 and the like. 

In the technology described in Japanese patent dis- 

5 closure document SHO 63-138730, using an axicon, a 
halo (light ring) is formed which is emitted onto a mask 
and a workpiece, reflected light being picked up by a 
photo detector of the double ring type. Due to the differ- 
ent lengths of the optical path, as a result of the distance 

w between the mask and the workpiece, the size of the 
halo reflected by the mask differs from the size of the 
halo reflected by the workpiece. This difference is deter- 
mined by the photo detector of the double ring type, by 
which the value of the distance is measured. 

15 In the technology described in Japanese patent dis- 
closure document HEI 5-226215, there are beam-opti- 
cal components, such as a diffraction grating, a zone 
plate, a grating lens and the like at locations on the 
mask where a measurement is desired. A light flux is 

20 obliquely incident through the aforementioned compo- 
nents in the workpiece and is reflected. The location of 
the spot of reflected light which has passed again 
through the beam-optical components and which has 
an angle of reflection which has been changed, is 

25 measured by means of a line sensor, by which the value 
of the distance is measured. 

In the technology described in Japanese patent dis- 
closure document HEI 6-5486, light from the bottom of 
the workpiece is obliquely incident. In a light receiving 

30 part which is likewise located on the bottom of the work- 
piece, the amount of deviation of the position of the light 
reflected from the mask surface from the position of the 
light reflected by the workpiece surface is determined, 
by which the amount of distance is measured. 

35 In the technology described in Japanese patent dis- 
closure document HEI 6-283400, a parallel light flux 
from the side of the mask and the workpiece is obliquely 
incident on the sides of the maskAworkpiece. Either the 
intensity of the light which is broken by the mask/work- 

40 piece and has passed through, or the intensity of the 
light which has passed through the intermediate space, 
is measured. Here, the size of the distance is measured 
by using the relationship between the light intensity and 
the size of the distance. 

45 In the above described prior art, the disadvantages 
are as follows: 

(1) In the technology described in Japanese patent 
disclosure document HEI 3-38024, at measure- 
so merit points of the mask and workpiece, reflection 
films are formed which reflect light to obtain 
reflected light intensity sufficient for observation of 
projected images. 

Since here the measurable locations are lim- 
55 ited to those where reflection films are formed, a 
measurement cannot be taken just anywhere on 
the mask/workpiece. The measurement areas are 
provided with reflection films which are unneces- 
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sary for a component, for example, of a liquid crys- 
tal display device or the like which is to be 
produced. Therefore, it is necessary to safeguard 
an area on the workpiece for measurement except 
for the area in which the component is formed. As a 5 
result, there is the disadvantage of a poor degree of 
utilization of the workpiece material. Furthermore, 
there is the disadvantage of an increase of produc- 
tion costs because, in the case of later removal of 
the reflection films, a process for removal of the w 
reflection films is added to the production process. 



(5) In the technology described in Japanese patent 
disclosure document HEI 6-5486, it is necessary to 
insert the light source for purpos s of measurement 
and the light detection part underneath the work- 
piece, i.e., within the workpiece carrier, which holds 
the workpiece stationary. For this reason, the 
arrangement of the workpiece carrier is extremely 
limited. Furthermore, there is the disadvantage that 
a measurement outside of the location where it is 
inserted cannot be taken, and therefore, measure- 
ment just anywhere is not possible. 



(2) In the technology described in Japanese patent 
disclosure document HEI 3-38025, in which the 
technology described in Japanese patent disclo- 15 
sure document HEI 3-38024 is improved, reflection 
films are unnecessary. As follows from the publica- 
tion, in the case of a small distance between the 
mask and workpiece a clear, strip-like pattern can- 
not be obtained because the intensity of the light 20 
reflected by the mask is essentially the same as the 
intensity of the light reflected by the workpiece and 
interference occurs. 

Therefore, first of all, when the distance 
between the mask and workpiece at which no inter- 25 
ference occurs is sufficient, a measurement is 
taken. Afterwards, the distance is reduced until a 
distance for actual exposure is reached and the 
exposure is performed. Therefore, it cannot be 
directly confirmed whether the distance at which, in 30 
fact, exposure is performed has the desired value. 

The accuracy of the distance adjustment dur- 
ing exposure is determined by the accuracy of the 
movement device which sets the distance during 
measurement to the exposure distance. Therefore, 35 
there is the disadvantage that movement errors can 
neither be confirmed nor corrected, even if they are 
present. 

(3) In the technology described in Japanese patent 40 
disclosure document SHO 63-138730, the disad- 
vantage is the same as in Japanese patent disclo- 
sure document HEI 3-38025 because, in the case 

of a small distance, the intensity of the light 
reflected by the mask is essentially the same as the 45 
intensity of the light reflected by the workpiece, 
interference occurs, and a clear halo cannot be 
obtained. 

(4) In the technology described in Japanese patent so 
disclosure document HEI 5-226215, it is necessary 

to locate beam-optical components, such as a dif- 
fraction grating, a zone plate, a grating lens and the 
like, at the locations on the mask where measure- 
ment is desired. Therefore, there are the disadvan- ss 
tages that a measurement cannot be taken just 
anywhere and the mask is costly. 



(6) In the technology described in Japanese patent 
disclosure document HEI 6-283400, based on the 
feature of the measurement process in a measure- 
ment of the center areas of the mask/workpiece, 
the light intensity information is obtained as a result 
of the distance between the center areas together 
with the light intensity information based on the dis- 
tance between the outside peripheral areas. There- 
fore, there is the disadvantage that the distance 
between the center areas cannot be exactly meas- 
ured. This disadvantage becomes more pro- 
nounced, the larger the maskAvorkpiece. As a 
result, this technology cannot be used, especially in 
the case of treatment of a large mask/large work- 
piece as in the production of a video display ele- 
ment, such as a liquid crystal display device 
element and the like. 

The invention was devised to eliminate the above 
described disadvantages in the prior art. Therefore, a 
first object is to devise a proximity exposure device with 
a distance adjustment device in which it is not neces- 
sary to produce reflection films, beam-optical elements 
and the like on the mask/workpiece, so that distance 
measurement is possible anywhere on the mask sur- 
face/workpiece surface, and sufficient determination 
sensitivity can be obtained even in areas with a low 
reflection factor, such as on a glass surface. 

A second object of the invention is to devise a prox- 
imity exposure device with a distance adjustment device 
in which measurement of a small distance is possible 
without the insertion of a measurement part and the like 
within the workpiece carrier, and the distance can be 
measured and confirmed with high accuracy at the dis- 
tance at which exposure is performed. 

A third object of the invention is to devise a proxim- 
ity exposure device with a distance adjustment device in 
which a cross sectional shape from a light source for 
purposes of measurement on the surface is formed on 
which the mask pattern is encompassed by the shape of 
at least one opening formed on the mask, the light is not 
covered by an area of the mask having a high reflect- 
ance factor, such as a metal film or the like, and also in 
a workpiece with low reflectance factor which is formed 
from glass or the like, the intensity of the light reflected 
by the mask and the intensity of the light reflected by th 
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workpiece can be made essentially the same. 

A fourth object of the invention is to devise a prox- 
imity exposure device with a distance adjustment device 
in which fluctuation of the light intensity of the light 
source for measurement purposes is corrected and the s 
distance can be measured with high accuracy. 

The above described objects are achieved accord- 
ing to the invention as follows: 

(1) In a proximity exposure device which has an 10 
ultraviolet irradiation part for irradiation with UV 
radiation, a mask carrier part for holding the mask 
stationary, a workpiece carrier part for holding a 
workpiece stationary in a state in which the work- 
piece is adjacent to but at a distance from the mask, 15 
and a distance calibration device which is con- 
nected to the workpiece carrier and adjusts the dis- 
tance between the workpiece and the mask, there 
are a distance measurement part, a device for mov- 
ing the distance measurement part which continu- 20 
ously or incrementally moves the distance 
measurement part in a direction perpendicular to 
the mask and workpiece, a position detector for 
determining the position of the distance measure- 
ment part, and an arithmetic and logic unit for com- 25 
puting the distance between the mask and 
workpiece, in the distance measurement part there 
being a light source for measurement purposes, a 
beam splitter, a pinhole plate, an objective lens and 

a light detection device. A light source for measure- 30 
ment purposes is arranged such that the light emit- 
ted from this light source is focused via the beam 
splitter onto the pinhole plate. The pinhole plate is 
located at a site which represents the focal point of 
the objective lens which is opposite the focal point 35 
on the object side and where the light from the light 
source for measurement purposes which has 
passed through the pinhole plate is focused on the 
focal point on the object side of the objective lens. 
The light detection device is located at a site where 40 
the light is detected which has been reflected by the 
mask and workpiece, and which has passed 
through the objective fens, at least one pinhole, and 
the beam splitter. The value of the distance 
between the mask and workpiece is computed 45 
based on the intensity of the output signal from the 
light detection device and based on the output sig- 
nal from the position detector by the arithmetic and 
logic unit. 

50 

(2) The objects are furthermore achieved in accord- 
ance with the invention by the at least one pinhole 
of the pinhole plate being formed of a collection of 
several pinholes, in solution (1). 

55 

(3) Th objects are furthermore achieved according 
to the invention by there being a second light detec- 
tion device in the distance measurement part, in 



solutions (1) and (2), by the beam splitter being 
aligned such that the light from the light source for 
measurement purposes is divided into two parts, 
one part of which is radiated onto the pinhole plate 
and the other part of which is incident on the sec- 
ond light detection device, by the output signals 
from the light detection device and second light 
detection device being computed in the arithmetic 
and logic unit, and thus, fluctuation of the light 
intensity of the light source for measurement pur- 
poses is corrected. 

(4) The objects are, furthermore, achieved in 
accordance with the invention by a polarizing beam 
splitter being used as the beam splitter, in solutions 
(1), (2) and (3), by the light emitted from the light 
source for measurement purposes being polarized 
in the first polarization direction by this polarizing 
beam splitter, and at the same time, this light with 
the first polarization direction being passed, by light 
with the second polarization direction which differs 
from the first polarization direction being incident on 
the light detection device, and furthermore, by a 
quarter wave plate being located in the optical path 
between the pinhole plate and the focal point on the 
object side, by which quarter wave plate the light 
polarized by the polarizing beam splitter with the 
first polarization direction is converted into a circu- 
lar polarization, and at the same time, the light 
reflected by the mask and workpiece with the circu- 
lar polarization is converted into light with the sec- 
ond polarization direction. 

(5) The objects are, furthermore, achieved accord- 
ing to the invention by there being a second light 
source and image detection element in the distance 
measurement part, in solutions (1), (2), (3) and (4), 
by the second light source being located at a site 
where the light emitted from this light source is irra- 
diated through the objective lens onto the mask and 
workpiece, and by the image detection element 
being located at a site where the images of the 
mask and workpiece are detected. 

(6) The objects are furthermore achieved in accord- 
ance with the invention by a mask being used for 
purposes of production of an image display ele- 
ment, in solutions (1), (2), (3), (4), and (5), and by 
the cross sectional shape of the light flux from the 
light source for measurement purposes being 
formed on a surface on which the mask pattern of a 
shape which can be encompassed by an opening 
formed in the mask pattern area. 

(7) In addition to a proximity exposure device, the 
invention also relates to a process for determining 
the distance between the mask and a workpiece. 



7 



EP0867 775A2 



8 



In the invention according to solution (1), to meas- 
ure the distance between the mask and workpiece, a 
projected image as described above is not used. Here, 
the intensity of the light reflected by the mask surface 
and the light reflected by the workpiece surface is used. 
Therefore, also in areas with a low reflectance factor, 
such as on a glass surface, sufficient determination 
sensitivity is obtained. It is, therefore, not necessary to 
provide reflection films, beam-optical components and 
the like on the mask and workpiece. Thus, a measure- 
ment anywhere on the mask surface and workpiece sur- 
face is enabled. Furthermore, the mask is prevented 
from being expensive. 

Also, by the arrangement of a pinhole at the focal 
point of the objective lens which is opposite the focal 
point on the object side, the light reflected by a surface 
to be measured cannot, for the most part, pass through 
the pinhole and be incident on the light detection device, 
even if the surface to be measured deviates from the 
focal point of the objective lens on the object side only to 
a small degree. Therefore, even in the case of a small 
distance, it is possible to separate the light reflected by 
the mask from the light reflected by the workpiece with 
a high intensity ratio. Interference of the light reflected 
by the mask with the light reflected by the workpiece 
therefore does not occur. 

Therefore, measurement and confirmation of the 
distance during exposure is possible with high accuracy. 

Furthermore, it is not necessary to execute a spe- 
cial sequence for measurement 

In addition, the accuracy of the distance setting is 
prevented from being influenced by the accuracy of the 
movement device. 

Moreover, it becomes possible to locate the dis- 
tance measurement part on the mask side. Therefore, it 
is unnecessary to insert the measurement part within 
the workpiece carrier. As a result, the arrangement of 
the workpiece carrier is not limited and measurement 
anywhere is possible. Especially in a measurement of 
the center areas of the mask and workpiece, the meas- 
urement result is prevented from being influenced by 
the distance between the outer peripheral areas. 
Accordingly, distance measurement with high accuracy 
is obtainable anywhere on even a large mask and large 
workpiece. 

In the invention according to solution (2), by the 
above described measure that at least one pinhole is 
formed of a collection of several pinholes, even for a 
workpiece with a low reflectance factor, as in a glass 
workpiece, sufficient intensity of the reflected light can 
be obtained and the light reflected from the mask can be 
advantageously separated from the light reflected by 
the workpiece. 

This means that a signal with a good S/N ratio can 
be obtained and a measurement taken with high accu- 
racy if the intensity of th reflected light is to some 
extent large. In the case of a distance measurement in 
the manufacture of a video display element, for exam- 



ple, a liquid crystal display device element, a plasma 
display pan I (PDP) and the like the workpiece is made 
of at least of translucent glass. The light reflectance fac- 
tor in the case of such a glass workpiece is roughly 4% 

5 or less. In distance measurement, therefore, under cer- 
tain circumstances sufficient intensity of the reflected 
light cannot be obtained. Here, there is the danger that 
the measurement accuracy is reduced. 

If at least one pinhole is enlarged to obtain high 

10 intensity of the reflected light, the reflected light which 
can pass through at least one pinhole increases, even if 
the surface of the mask or workpiece to be measured 
deviates from the focal point of the objective lens on the 
object side. The light reflected by the mask and the light 

is reflected by the workpiece are incident on top of one 
another on the light detection device. Here, it is there- 
fore difficult to advantageously keep the light reflected 
by the mask and the light reflected by the workpiece 
apart. 

20 If, on the other hand, the pinhole formed of a collec- 
tion of several pinholes, as was described above, the 
intensity of the reflected light which is incident in the 
light detection device can be increased without increas- 
ing the size of the pinhole. Therefore, even in the case 

25 of a workpiece with a relatively low reflection factor, 
such as a glass workpiece, a measurement with high 
accuracy is enabled. 

In the invention according to solution (3). in the dis- 
tance measurement part, there is a second light detec- 

30 ton device and by computing the output signals from 
the light detection device and the second light detection 
device the fluctuation of the light intensity of the light 
source for purposes of measurement is corrected, as 
described above. Therefore, when the light intensity of 

35 the light source for measurement purposes fluctuates 
due to a fluctuation of the power source and the like, a 
measurement with high accuracy can be taken without 
being influenced by the fluctuation of light intensity of 
the light source for purposes of measurement. 

40 In the invention according to solution (4), a polariz- 
ing beam splitter is used as the beam splitter, as was 
described above. Furthermore, a quarter wave plate is 
located in the optical path between the pinhole plate 
and the focal point on the object side. This can prevent 

45 the light reflected by the pinhole plate from being inci- 
dent on the light detection device. Therefore, the S/N 
ratio can be increased and a measurement taken with 
high accuracy. 

In the invention according to solution (5), the above 

so described arrangement of a second light source and an 
image detection element makes it possible to detect the 
images of the mask and workpiece. In this way, the site 
to be measured can be easily positioned and the site to 
be measured can be positioned exactly to the mask 

55 opening, even if the workpiece is a video display ele- 
ment, such as a liquid crystal display device element, a 
plasma display panel, and the like. 

In the invention according to solution (6), the cross 
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sectional shape of the light flux from the light source for 
measurement purposes is formed on the surface on 
which the mask pattern of a shape which can be 
encompassed by an opening formed in the mask pat- 
tern area, as was described above. The light is therefore 
prevented from being masked by the metallic foil of the 
mask. The intensity of the light reflected by the mask is, 
therefore, prevented from becoming extremely large. 
Thus, the intensity of the light reflected by the mask and 
the intensity of the light reflected by the workpiece can 
thus be made essentially the same in a workpiece with 
a low reflectance factor, such as a glass workpiece. 
Thus, distance measurement with high accuracy 
becomes possible. 

For a distance measurement with high accuracy, it 
is a good idea to make the intensity of the light reflected 
by the mask and the intensity of the light reflected by the 
workpiece as equal as possible. If one of the two is 
extremely large, the signal of the weaker reflected light 
is covered by the signal of the stronger reflected light. 
Consequently, the light reflected by the mask cannot be 
separated from the light reflected by the workpiece. 

To form the mask pattern, generally, a metallic film 
is used, such as a chromium film or the like. The reflect- 
ance factor of a metallic film is very high, and in the case 
of a chromium film is roughly 50 to 70%. The reflectance 
factor in the case of a glass workpiece, which can be 
used for producing a liquid crystal display device ele- 
ment or the like, is roughly 4% or less. Therefore, in the 
case of distance measurement, if the light flux radiated 
from the light source for measurement purposes, when 
passing through the mask from the area of the chro- 
mium film, is incident on the area of the Cr film and is 
masked by it, strong reflected light from the chromium 
film is formed by which the intensity of the light reflected 
by the mask is essentially greater than the intensity of 
the light reflected by the workpiece. As a result, a dis- 
tance measurement with high accuracy cannot be 
obtained. 

A workpiece of a video display element, such as a 
liquid crystal display device element, a plasma display 
panel, and the like, is comprised for the most part of 
pixel parts which are often used in distance measure- 
ment in their production. 

In the case of producing a color filter and the like, in 
a mask, there is usually one opening per pixel. In a liq- 
uid crystal display device element, recently one pixel is 
divided into several pixels in order to improve the angle 
of view field. Here, an alignment layer in a certain area 
within one pixel is irradiated with ultraviolet radiation so 
that the property of the alignment layer is selectively 
activated. In this case, in a mask, there is at least one 
opening per pixel which is formed by dividing a pixel into 
small parts. 

The above described measure, that the cross-sec- 
tional shape of the light flux from the light source for 
measurement purposes is a shape which can be 
ncompassed by the above described opening formed 



in the mask pattern area, therefore prevents the light 
from the light source for measurement purposes from 
being masked by the area of the chromium film. The dis- 
advantage that the light reflected by the mask and the 
5 light reflected by the workpiece cannot be kept apart is, 
therefore, eliminated. Thus, a measurement with high 
accuracy can be obtained. 

In the following, the invention is further described 
using several embodiments shown in the drawings. 

w 

Fig. 1 shows a schematic of the arrangement of one 
embodiment of the proximity exposure device of the 
invention; 

75 Fig. 2 shows a schematic of the arrangement of a 
first embodiment of the distance measurement part 
of the invention; 

Fig. 3 shows an arrangement of the pinholes on the 
20 pinhole plate of one example; 

Fig. 4 shows a schematic of the image of the 
reflected light via several pinholes on the light 
detection surface of a first light detection device; 

25 

Fig. 5 shows a schematic of the arrangement of a 
second embodiment of the distance measurement 
part according to the invention; 

30 Fig. 6 shows a schematic of a pixel of a color liquid 
crystal cell and a projected image of a pinhole in 
one example. 

Fig. 1 schematically shows the arrangement of a 
35 proximity exposure device in accordance with one 
embodiment of the present invention which is com- 
prised of a UV irradiation part 1 having a UV lamp 1a for 
emitting light containing UV radiation, a focusing mirror 
1b for focusing the light emitted by the UV lamp 1a. a 
40 first mirror 1c, an integrator lens 1d, a shutter 1e, and a 
collimating mirror comprised of a concave mirror 1f and 
a second mirror 1g. 

The light emitted by the UV lamp 1a is focused by 
the focusing mirror 1b and is incident on the collimating 
45 mirror 1f via the first mirror 1c, integrator lens 1d, shutter 
1 e, and second mirror 1g. The light emerging from colli- 
mating mirror 1f is emitted, via a mask M which is 
attached to mask earner 2, onto a workpiece W seated 
on a workpiece carrier 3. In the case of a relatively small 
so irradiation surface, instead of the collimating mirror 1f, a 
collimator can also be used. In this case, the mirror 1g 
is pointed downward, i.e. in a direction in which the light 
emerging from the integrator lens 1d is emitted onto the 
mask M. Mere, the collimating lens is located between 
55 mirror 1 g and mask M. 

The workpiece earner 3 is installed above a dis- 
tance calibration device 4 in an X-Y-1 -Z carrier 5. The tilt 
and position (distance between mask M and workpiece 
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W) toward the top and bottom (hereinafter called the "Z 
direction") f the workpiece 3 are subjected to fine 
adjustment using distance calibration device 4. 

The X-Y-1-Z carrier 5 is driven by a workpiece car- 
rier movement device 6 in the X-Y-1-Z directions (e.g., s 
X: toward the right and left in the figure. Y: in a perpen- 
dicular direction in and out of the page, 1 : in a direction 
of rotation around an axis perpendicular to the X-Y 
directions, and Z: toward the top and bottom of the 
page), by which workpiece carrier 3 is moved in the X-Y- 10 
1-Z directions. 

A distance measurement part 10 which can be 
moved by means of a device above mask M (not shown 
in the drawing) for driving in the X-Y directions parallel 
to the surface of mask M. By moving distance measure- is 
ment part 10 to any distance measurement point on the 
surface of mask M and the surface of workpiece W, a 
distance measurement can be taken at several meas- 
urement points. Furthermore, a distance measurement 
can also be taken at several measurement points by 20 
positioning distance measurement part 10 according to 
the number of distance measurement points. 

Distance measurement part 10 can also be moved 
in the Z direction by a Z movement device 1 1 which is 
provided with a motor for moving the distance measure- 25 
ment part 10 via a spherical rotary spindle, a linear 
guide (not shown in the drawing) and the like. Further- 
more, the Z movement device 1 1 for the distance meas- 
urement part is provided with an encoder 12 which 
functions as a position detector for determining the posi- 30 
tion and amount of movement of the distance measure- 
ment part 10. 

A control element 7 controls the UV irradiation part 
1, distance measurement part 10, Z movement device 
1 1 and the workpiece carrier movement device 6. The 35 
output of the encoder which is located in the Z move- 
ment device 1 1 is sent to an arithmetic and logic unit 7a 
of the control element 7. 

Fig. 2 shows a schematic of the arrangement of a 
first embodiment of the distance measurement part 10 40 
in which a first light source 100 is used for distance 
measurement and for which a laser diode is used (in 
this embodiment) because it enables high irradiance to 
be obtained. For this reason, a halogen lamp, a xenon 
lamp, a LED and the like can be used. 45 

The light emerging from the first light source 100 is 
converted by a lens 101 into essentially parallel light 
which is incident on a first beam splitter 102 and is 
divided by the first beam splitter 102. One part of the 
divided light is focused by a lens 103 on a pinhole plate so 
108 which is located at the focal point of an objective 
lens 110 which is opposite the focal point on the object 
side, as described above. The other part of the light 
divided by first beam splitter 102 is incident via a lens 
1 06 in a second light detection device 1 07 which is posi- ss 
tioned for determining the fluctuation of the light inten- 
sity of first light source 100 and for canceling the 
fluctuation, as described above. The signal determined 



by the second light detection device 1 07 is sent as a ref- 
erence intensity signal to the arithmetic and logic unit 7a 
of control element 7. 

Pinhole plate 108 is produced by vacuum evaporat- 
ing a chromium film on a glass on which openings are 
formed by etching. As is shown, for example, in Fig. 3, 
openings with a diameter of 12 microns and at a dis- 
tance relative to one another of 48 microns are located 
within an area with a diameter of 125 microns. 

A pinhole plate can also be used which is easily 
produced by providing openings in a metal foil having a 
thickness of a few hundred microns. A pinhole plate of 
glass is, however, more resistant to mechanical shocks 
and is less deformed and expanded by heat. 

Light which has passed through pinhole plate 1 08 is 
deflected by the second beam splitter 109 through an 
angle of 90 degrees, is incident on objective lens 110 
and is focused on the focal point on the object side. The 
size of the light flux at the focal point on the object side 
can be computed using formula in which the size is set 
as being equal to the reciprocal value of the magnifica- 
tion factor (nominal value) of the objective lens multi- 
plied by the size of the pinhole. 

Mere, the magnification factor of the objective lens 
is defined by the magnification factor in the case of inci- 
dence of light from the object side. In this case, the 
magnification factor is defined by the reciprocal value of 
the nominal value because the light is moving back- 
wards. 

In this embodiment, an objective lens 110 with 
magnification factor of 5x is used. The magnitude of the 
light flux is produced by the special configuration of the 
pinhole plate such that, in an area with a diameter of 25 
microns, light spots with a diameter of 2.4 microns are 
located next to one another at a distance from one 
another of 9.6 microns. In the case in which the surface 
(hereinafter "surface 120 to be measured") of mask M 
or workpiece W is at the focal point on the object side of 
objective lens 110, the surface to be measured is illumi- 
nated by the spot of light with a diameter of 25 microns 
with the above described configuration. 

The light reflected from surface 120 to be measured 
again passes through objective lens 110 and second 
beam splitter 109 and is focused on pinhole plate 108. 
Here, the size of the light flux of reflected light on pin- 
hole plate 108 can be computed as being equal to the 
magnitude of the spot illumination light on surface 120 
to be measured multiplied by the magnification factor of 
the objective lens 

The size of the light flux in this embodiment is rep- 
resented by the fact that, in an area with a diameter of 
125 microns, spots of light with a diameter of 12 microns 
are located next to one another at a distance of 48 
microns from one another. 

In the case in which surface 120 to b measured is 
at the focal point of objective lens 1 10 on the object side 
the size of the light flux of reflected light is equal to the 
size of the pinhole. The reflected light can therefore 
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pass essentially completely through pinhole plate 108. 

The reflected light which has passed through pin- 
hole plate 108 is converted by lens 103 essentially into 
parallel light. Afterwards it is deflected by first beam 
splitter 102 by an angle of 90 degrees, is focused by s 
means of lens 1 04 in first light detection device 1 05 and 
is incident thereon. 

Fig. 4 shows a schematic of the image of the light 
reflected, via several pinholes located in pinhole plate 
1 08, on the light detection surface of first light detection 10 
device 105. The figure does not show first beam splitter 
102 and lens 103. In the case in which surface 120 to be 
measured is located at the focal point of objective lens 
1 10 on the object side, on the light detection surface of 
first light detection device 105 the light which has is 
passed through the pinholes is imaged in a spot-like 
manner, as is shown in the drawing. 

In the case in which, for first light detection device 
105, a collection of small light detection elements, such 
as CCD elements, is used, the sensitivity of the individ- so 
ual small light detection element exhibits scatter. There- 
fore, when the position of the imaged spotlight changes, 
there are cases in which the output of first light detection 
device 105 fluctuates. Furthermore, when using rela- 
tively large light detection elements, such as photodi- 2s 
odes, for first light detection device 105, as a result of 
the scatter which occurred in the production of the light 
detection elements, depending on the site of the light 
detection surface, scatter of the sensitivity often occurs. 
As a result, there are cases in which the output of first so 
light detection device 105 fluctuates. 

As was described above, by the arrangement of 
several pinholes in pinhole plate 108, the scatter of sen- 
sitivity of the light detection elements with respect to the 
position of the light which is incident on first light detec- 35 
tion device 1 05 can be averaged. Furthermore, the fluc- 
tuation of the output value from first light detection 
device 105, in case of vibration or position deviation of 
pinhole plate 108 and the like, can be reduced. 

Furthermore, high sensitivity can be obtained by 40 
there being several pinholes. In the case of a single pin- 
hole, to achieve high sensitivity the number of photons 
reaching light detection device 105 must be increased. 
For this reason, the irradiance of first light source 100 
must be increased. However, if the irradiance is 45 
increased, it is possible for burning of first light detection 
device 105 to occur. If there are several pinholes, con- 
versely, the number of photons which reach the first light 
detection device 105 per unit of time can be increased 
without increasing the irradiance of first light source so 
100. 

The signal of the intensity of the light which has 
been detected by first light detection device 105 in the 
above described manner is sent to arithmetic and logic 
unit 7a. Arithmetic and logic unit 7a. by increasing the ss 
signal of the intensity of th light which is incident on 
first light detection device 105, judges that the surface 
120 to be measured is located at the focal point on the 



object side. 

On the other hand, in the case in which surface 120 
to be measured is not located at the focal point of objec- 
tive lens 1 1 0 on the object side, the light flux of the light 
source for measurement purposes blurs on surface 120 
to be measured, and therefore, becomes a strongly dis- 
persed spotlight. The reflected light likewise blurs on 
pinhole plate 108, and therefore, continues to diffuse. 

Therefore, the reflected light cannot, for the most 
part, pass through pinhole plate 108 and is not incident 
in the first light detection device 105. Also in the case of 
several pinholes, the blurred light hardly passes though 
the adjacent pinhole because the pinholes have a suffi- 
cient spacing relative to one another of 48 microns. Fur- 
thermore, in the case in which the spot becomes so 
large that it covers the adjacent pinhole, the case in 
which the surface to be measured is located at the focal 
point of the objective lens on the object side, and the 
case in which it is not located there, can be kept apart 
with a sufficient intensity ratio because the surface of 
the light which passes through the pinhole is smaller 
than the area of the diffused spot to a sufficient degree. 

In the case in which surface 120 to be measured 
deviates only slightly from the focal point of objective 
lens 1 10 on the object side, the intensity of the reflected 
light which is incident in first light detection device 1 05 is 
greatly reduced, as was described above. Therefore, 
the light reflected from mask M and the light reflected by 
workpiece W can be advantageously kept apart. 

If, in this case, the intensity of the light emerging 
from first light source 100 fluctuates, the intensity of the 
light incident in first light detection device 105 also fluc- 
tuates. In this embodiment, therefore, there is second 
light detection device 107, as was described above. 
Thus, the intensity of the light emerging from first light 
source 100 is determined with a fluctuation which is 
canceled. 

From second light detection device 107. the light 
emerging from light source 100 which has been divided 
by first beam splitter 102 is detected and sent as a ref- 
erence intensity signal to arithmetic and logic unit 7a. In 
arithmetic and logic unit 7a, the signal of the intensity of 
the light detected by first light detection device 105 is 
divided by the reference intensity signal and the fluctua- 
tion of the intensity of the light emerging from the light 
source 100 is equalized. 

Furthermore, in this embodiment, to observe the 
measurement position, a second light source 1 1 1 serv- 
ing as an illumination light source, a lens 112, a third 
beam splitter 113 and an image detection element 1 14 
are provided. A LED was used as second light source 
111. For this reason, however, as in first light source 
100, a laser diode or other light source can be used. A 
CCD camera was used as the image detection element 
114. 

The light emerging from second light source 111 
passes through third beam splitter 113, second beam 
splitter 109 and objective lens 110 and illuminates sur- 
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face 120 to be measured. The image of the surface to 
be measured passes through objective lens 110. sec- 
ond beams splitter 109 and third beam splitter 113 and 
is imaged by lens 1 1 5 on image detection element 1 1 4. 
The signal of the image detected by the image detection 5 
element 114 is sent to a monitor 121 on which the 
image of the surface to be measured is produced. 

The reason for there being a second light source 
1 1 1 independently of first light source 100 for measure- 
ment purposes is the following: 10 

The light from first light source 100 is emitted by 
pinhole plate 108 in the form of a small spot and is 
therefore not suited for observing the overall image. 

In this embodiment, distance measurement part 10 
is made compact, as was described above. Second light 15 
source 1 1 1 was therefore located within distance meas- 
urement part 10. However, illumination can also be 
placed outside distance measurement part 10. In this 
case, a fiber illumination system which is generally used 
to illuminate a microscope, a ring illumination system 20 
which is located on the tip of the objective lens and the 
like can be used. 

As was described above, by the arrangement of the 
optical system for purposes of observation being com- 
prised of the second light source 111, lens 112, third 25 
beam splitter 113, and image detection element 114, 
locating of the measurement position can be easily 
achieved. 

In the following, taking the distance measurement 
is described using the above described distance meas- so 
urement part. 

Distance measurement part 10 is moved parallel to 
the surface of mask M by observing monitor 121. Dis- 
tance measurement part 10 is moved to a distance 
measurement position. 35 

Then, the motor of the Z-movement device 1 1 for 
the distance measurement part is driven and the dis- 
tance measurement part 10 is moved in the Z direction. 
The intensity of the reflected light which is incident on 
first light detection device 1 05 is read out by reading the 40 
position of the distance measurement part 10 in the Z 
direction by encoder 12, encoder 12 being a position 
detector located in Z-movement device 11 for the dis- 
tance measurement part. 

If Z-movement device 1 1 for the distance measure- 45 
ment part is driven such that the focal point of objective 
lens 1 10 on the object side intersects both the surface 
of mask M and also the surface of workpiece W in one 
longitudinal direction, strong reflected light is obtained if 
the surface of mask M or the surface of workpiece W so 
reaches the focal point of objective lens 110 on the 
object side, as was described above. Therefore, two 
strong peaks of intensity of the reflected light can be 
obtained with respect to the moved position. 

In arithmetic and logic unit 7a, these two peaks of ss 
intensity of the reflected light ar determined. Based on 
the output of encoder 12 as a position detector, at this 
time, the distanc between the mask M and the work- 



piece W is computed. In the case in which Z-movement 
device 11 is not driven continuously for the distance 
measurement part, but is driven incrementally from 
stage to stage, the amount of motion of one movement 
stage is set to an amount which is sufficiently smaller as 
compared to the distance value. If Z-movement device 
1 1 for the distance measurement part is stopped, the 
position signal determined by the encoder and the infor- 
mation on the intensity of the reflected light which is 
detected by first light detection device 105 is read in 
arithmetic and logic unit 7a. 

Fig. 5 is a schematic of a second embodiment of 
the distance measurement part 10 of the invention. In 
this embodiment, a polarizing beam splitter and quarter 
wave plate are used. This prevents the light reflected by 
pinhole plate 108 from being incident in the first light 
detection device 105. In this way, the S/N ratio is pre- 
vented from decreasing. 

In the Rg. 5, the same parts as in Fig. 2 are pro- 
vided with the same reference numbers; but, in this 
embodiment, instead of the first beam splitter 102 in Fig. 
2, a polarizing beam splitter 102* is used and a quarter 
wave plate 116 is located in the optical path between 
pinhole plate 108 and second beam splitter 109. 

The process of distance measurement in this 
embodiment is carried out fundamentally in the same 
manner as in the Fig. 2 embodiment. In this embodi- 
ment, the above described use of a polarizing beam 
splitter and quarter wave plate prevents the light 
reflected by pinhole plate 108 from being incident on 
first light detection device 105, as is described below. 

The light emerging from first light source 100 which 
is not polarized is converted by lens 101 into essentially 
parallel light which is incident on polarizing beam splitter 
102*. The P polarized light passes through polarizing 
beam splitter 102' and is focused by means of lens 103 
on pinhole plate 108. In the case in which one part of 
the light is reflected by pinhole plate 108, this reflected 
light passes unchanged through the polarizing beam 
splitter 102' and returns to first light source 100 because 
it is P-polarized light with a P-polarization direction. 

The S-polarized light is deflected in polarizing 
beam splitter 102' by an angle of 90 degrees and is inci- 
dent via lens 106 on second light detection device 107. 
The output of second light detection device 107 is sent 
to arithmetic and logic unit 7a, as was described above, 
and is used to cancel the fluctuation of the light intensity 
of first light source 100. 

The P-polarized light which has passed through 
pinhole plate 108 is converted by quarter wave plate 
116 into circular polarization, which is subsequently 
deflected by means of second beam splitter 109 by an 
angle of 90 degrees, is incident in objective lens 110 
and is focused in the focal point on the object side. 

The reflected light with circular polarization which 
has been reflected by the surface 120 to be measured 
passes again through objective lens 110 and second 
beam splitter 109, is incident in quarter wav plat 116, 
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is converted into light with a S-polarization direction and 
is focused on pinhole plate 108. The S-polarized light 
which has passed through pinhole plate 108 is con- 
verted by lens 103 into essentially parallel light, and 
afterwards, is incident on polarizing beam splitter 102*. 5 
The reflected light with the S polarization direction 
which is incident in polarizing beam splitter 102' is 
deflected by an angle of 90 degrees, focused in the first 
light detection device 105 by lens 104 and is incident 
therein. 10 

As was described above, in this embodiment, by 
using polarizing beam splitter 102* and quarter wave 
plate 116, only the light reflected by surface 120 to be 
measured at the focal point on the object side can be 
incident in first light detection device 105 without the 15 
light reflected by pinhole plate 108 being incident in first 
light detection device 105. Therefore, the S/N ratio can 
be increased and a measurement taken with high sensi- 
tivity. 

In this embodiment, the quarter wave plate 1 16 is 20 
located between pinhole plate 108 and second beam 
splitter 109. However, the quarter wave plate 116 can 
be placed anywhere between pinhole plate 108 and the 
focal point on the object side, and at this site, the same 
action as the one described above can be obtained. 25 

Furthermore, in this embodiment, it is a good idea 
for the incident light with the circular polarization to be 
reflected unchanged by second beam splitter 109. It is, 
therefore, not desirable to use a conductive, metallic 
mirror, which changes the polarization instead of sec- 30 
ond beam splitter 1 09. 

Additionally, the same action as the one described 
above can also be obtained when the position of the first 
light detection device 105 is replaced by the position of 
the first light source 100 in Fig. 5. In this case, from the 35 
nonpolarized light which has been emitted from first 
light source 100, the S-polarized light passes through 
polarizing beam splitter 102' and lens 106 and is inci- 
dent in second light detection device 107, while the P- 
polarized light is deflected by an angle of 90 degrees 40 
and is focused by lens 103 onto pinhole plate 108. Fur- 
thermore, the light incident on the quarter wave plate 
116 and reflected by the surface 120 to be measured is 
converted into P-polarized light, passes through polariz- 
ing beam splitter 102' and is incident in first light detec- 45 
tion device 105. 

In the following, exposure is described using the 
proximity exposure device in this embodiment. 

(a) Workpiece W is placed on workpiece carrier 3 so 
and attached by means of a vacuum suction device 
(not shown). 

(b) X-Y-1 -Z carrier 5 is driven in the Z-direction and 
workpiec W is caused to approach mask M. In 55 
doing so, workpiece W is moved in the Z-direction, 
the position signal being read in by an encoder (not 
shown) which is located in X-Y-1 -Z carrier 5. Work- 



piece W is moved nearer until a desired distance 
value is essentially reached. In this step, the dis- 
tance between mask M and workpiece W does not 
yet agree exactly with the desired distance. 

(c) In above described state (b) if necessary posi- 
tioning of mask M relative to workpiece W is per- 
formed. This positioning is done such that mask M 
and workpiece W are provided beforehand with 
alignment marks and these alignment marks are 
observed with an alignment microscope (not 
shown). This can be done both automatically and 
manually. 

(d) Next, for purposes of distance measure, the dis- 
tance measurement part 10 is moved by means of 
the device for moving the distance measurement 
part in the X-Y directions to a distance measure 
point. Here, fine adjustment of the measurement 
site is performed, if necessary. For fine adjustment 
of the measurement site of distance measurement 
part 10, the optical system comprised of second 
light source 111, lens 112, third beam splitter 113 
and image detection element 1 14 is used for pur- 
poses of observation and the image shown in mon- 
itor 121 is observed. For fine adjustment of distance 
measurement part 10, the device for moving the 
distance measurement part in the X-Y directions 
can be used, or a micrometer for fine adjustment 
can be added. 

In the production of a liquid crystal display 
device and a plasma display panel (PDP), the work- 
piece is made of glass. Therefore, here, the inten- 
sity of the light reflected by the mask and the 
intensity of the light reflected by the workpiece can 
be made essentially the same by the light flux of 
first light source 100 for measurement purposes 
being positioned exactly to the opening of mask M. 
Thus, a measurement can be taken with high preci- 
sion. 

Fig. 6 is a schematic which shows a pixel of a 
color liquid crystal cell and a projected image of the 
pinholes on one example. As is shown in the draw- 
ing, a pixel of a color liquid crystal cell has translu- 
cent areas (openings) which correspond to R, G 
and B. Their width is roughly 50 :m, as is shown in 
the drawing. 

Here, a pinhole plate 108 is used in which 
openings with a diameter of 12 microns are located 
next to one another spaced by distance 48 microns 
relative to one another in an area having a diameter 
of 125 microns, as was described above. If an 
objective lens 110 with a magnification of 5x is 
used, the projected image of the pinholes on the 
color liquid crystal cell is reduced to 1/5 x, and it is 
located within the translucent area of 50 microns, 
as shown in Fig. 6. 

As was described above, an optical system for 
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purposes of observation is used which observes 
the monitor shown in monitor 121, and distance 
measurement part 10 is moved such that the image 
of the pinholes is projected into the translucent area 
of the color liquid crystal cell. Thus, the intensity of 5 
the light reflected by mask M and the intensity of the 
light reflected by workpiece W can be made essen- 
tially the same, and thus, measurement with high 
precision can be achieved, as was described 
above. to 

The case of a color liquid crystal cell is shown 
using Fig. 6. In a PDP (plasma display panel), how- 
ever, by moving the distance measurement part 10 
such that images of the pinholes are projected into 
the translucent areas, the intensity of the light is 
reflected by mask M and the intensity of the light 
reflected by workpiece W can be made essentially 
the same because a PDP also has the same trans- 
lucent areas as in the above described example. 
Thus, measurement with high precision can be 20 
achieved. 

In the case of a mask in which the above 
described pixel division exposure is done, determi- 
nation can be performed with high sensitivity as in 
the above described example if, on pinhole plate 25 
108, pinholes are formed which have a size and 
arrangement which are taken into account, such 
that the projected images of the pinholes are 
encompassed by one opening of the divided pat- 
tern. 30 

(e) After the distance measurement part 10 has 
been moved to the distance measurement point, it 
is moved in the Z direction such that the focal point 

of objective lens 1 10 on the object side intersects 35 
both the surface of mask M as well as the surface of 
workpiece W in the longitudinal direction, as was 
described above. Thus, two peaks of the intensity of 
the reflected light are determined. Based on the 
output of encoder 12 as a position detector, at this 40 
time, the distance between mask M and workpiece 
W is computed and the deviation from the desired 
distance value computed. 

(f) The above described actuations (d) and (e) are 45 
performed at at least three points on the mask sur- 
face/workpiece surface. Deviations of the distance 
are determined. Distance calibration device 4 sets 
the tilt of workpiece W and the distance between 
workpiece W and mask M such that the above so 
described deviations are reduced. 

The above described actuations are repeated 
until the deviations are less than or equal to an 
allowable value. The allowable value of the devia- 
tion is fixed suitably by the accuracy required for ss 
exposure of the component to be manufactured. To 
compute the deviations and for corresponding dis- 
tance calibration, known processes can be used 
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which are described in the publications cited, for 
example, in the prior art, or the like. 

(g) At the conclusion of calibration of the distance 
between mask M and workpiece W, the distance 
measurement part 10 and the like are removed 
from the exposure area. Afterwards, exposure light 
is emitted from UV irradiation part 1 , a given expo- 
sure carried out, and workpiece W transported on. 

As was described above, with the invention the fol- 
lowing effects can be obtained: 

(1) Even in areas with a low reflectance factor, as 
on a glass surface, sufficient determination sensi- 
tivity can be obtained by the measure in which the 
light emitted from the light source for measurement 
purposes is irradiated via at least one pinhole and 
the objective lens onto the mask and workpiece, in 
which the light which has passed through the objec- 
tive lens and the at least one pinhole and has been 
reflected by the mask and workpiece is detected by 
the light detection device, and in which the distance 
between the mask and workpiece is measured by 
this light intensity. Therefore, it is unnecessary to 
form reflection films, beam-optical elements and 
the like on the mask and workpiece. Thus, meas- 
urement anywhere on the mask surface and work- 
piece surface is possible. Furthermore, the mask is 
prevented from becoming expensive. 

Additionally, it becomes possible, even in the 
case of a small distance, to advantageously sepa- 
rate the light reflected from the mask from the light 
reflected by the workpiece. Therefore, interference 
of the light reflected by the mask with the light 
reflected by the workpiece does not occur. As a 
result, measurement and confirmation become 
possible with high precision for the distance desired 
during exposure. 

The arrangement of the workpiece carrier is 
moreover not limited and measurement anywhere 
is possible. 

(2) By the measure in which the pinhole plate com- 
prises several pinholes, even for a workpiece with 
low reflectance factor, as in a glass workpiece, suf- 
ficient reflection intensity can be obtained and the 
light reflected from the mask can be advanta- 
geously separated from the light reflected by the 
workpiece. 

Furthermore, the scatter of the sensitivity of the 
first light detection element with respect to the posi- 
tion of the light which is incident in the light detec- 
tion device can be averaged. Also, the fluctuation of 
the output value from the light detection device, in 
the case of vibration or position deviation of the pin- 
hole plate and the like, can be reduced. 

Moreover, the number of photons which reach 
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the light detection device per unit of time can be 
increased without increasing the irradiance of the 
first light source. Thus, burning of the light detection 
device as a result of increasing the irradiance can 
be prevented. 5 

(3) The measure in which, in the distance measure- 
ment part, there is a second light detection device 
and by computing the output signals from the light 
detection device and the second light detection 10 
device, the fluctuation of the light intensity of the 
light source for purposes of measurement is cor- 
rected, when the light intensity of the light source 

for measurement purposes fluctuates due to a fluc- 
tuation of the power source and the like, enables a 15 
measurement with high accuracy to be taken with- 
out being affected by the fluctuation of the light 
intensity of the light source for purposes of meas- 
urement. 

20 

(4) The arrangement of the polarizing beam splitter 
and the quarter wave plate makes it possible to pre- 
vent the light reflected by the pinhole plate from 
being incident in the light detection device. There- 
fore, the S/N ratio can be increased. 25 

(5) The images of the mask and workpiece can be 
detected by the arrangement of the second light 
source and image detection element. In this way, 

the site to be measured can be easily positioned 30 
and the site to be measured can be positioned 
exactly relative to the mask opening, even if the 
workpiece is a video display element, such as a liq- 
uid crystal display device element, a plasma display 
panel, and the like. 35 

(6) The measure in which the cross sectional shape 
of the light flux from the light source for measure- 
ment purposes on the surface on which the mask 
pattern is formed has a shape which can be encom- 40 
passed by an opening formed in the mask pattern 
area prevents the light from being masked by the 
metallic film of the mask. Thus, the intensity of the 
light reflected by the mask and the intensity of the 
light reflected by the workpiece can be made 45 
essentially the same in a workpiece with a low 
reflectance factor, such as a glass workpiece. Thus, 
distance measurement with high accuracy is ena- 
bled. 

so 

As was described above, in the proximity exposure 
device of the invention, the distance between the mask 
and the workpiece can be measured with high preci- 
sion. Therefore, the desired distance can be set with 
high precision by adjusting the distance calibration 55 
device using these measurement data. 



Claims 

1. Proximity exposure device having distance adjust- 
ment device which comprises: 

an ultraviolet radiation part for irradiation with 
UV radiation; 

a mask carrier part for holding a mask station- 
ary; 

a workpiece carrier for holding a workpiece in a 
state in which the workpiece is adjacent to the 
mask with a distance therebetween; 

- a distance calibration device which is con- 
nected to the workpiece carrier for calibration 
of the distance between the workpiece and the 
mask; 

- a distance measurement part; 

a device for movement of the distance meas- 
urement part in a direction perpendicular to the 
mask and workpiece; 

- a position detector for determining the position 
of the distance measurement part; and 

- an arithmetic and logic unit for computing the 
distance between the mask and workpiece 
from an output signal of the light detection 
device and from an output signal of the position 
detector; 

wherein 

- the distance measurement part comprises a 
light source for measurement purposes, a 
beam splitter, a pinhole plate comprising one or 
more pinholes, an objective lens and a light 
detection device; 

- the light source for measurement purposes is 
arranged relative to the distance measurement 
part in a manner causing the light emitted from 
the light source to be focused via the beam 
splitter onto the pinhole plate; 

the pinhole plate is located at a site which rep- 
resents a focal point of the objective lens which 
is opposite a focal point on an object side; and 

- the light detection device is located at a site 
where light which has been reflected by the 
mask and workpiece and which has passed 
through the objective lens, the at least one pin- 
hole, and the beam splitter can be detected. 

2. Proximity exposure device with distance adjust- 
ment device as claimed in claim 1 , wherein the pin- 
hole plate comprises a collection of several 
pinholes. 

3. Proximity exposure device with distance adjust- 
ment device as claimed in claim 1, wherein 

- the distance measurement part is equipped 
with a second light detection device; 

- th beam splitter is aligned such that the light 
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from the light source for measurement pur- 
poses is divided into two parts, a first part of 
which is radiated onto the pinhole plate and a 
second part of which is incident in the second 
light detection device; 

- the arithmetic and logic unit corrects fluctua- 
tions of the light intensity of the light source for 
measurement purposes in response to output 
signals of the light detection device and second 
light detection device. 

4. Proximity exposure device with distance adjust- 
ment device as claimed in claim 1 , wherein: 

- the beam splitter is a polarizing beam splitter 
which polarizes the light emitted from the light 
source for measurement purposes in different 
first and second polarization directions, light 
with the first polarization direction being 
passed through and light with the second polar- 
ization direction being directed to the light 
detection device; and 

a quarter wave plate is located in an optical 
path between the pinhole plate and the focal 
point on the object side of the objective lens, by 
which quarter wave plate the light polarized by 
the polarizing beam splitter with the first polari- 
zation direction is converted into a circular 
polarization, and at the same time, light 
reflected by the mask and workpiece with the 
circular polarization is converted into light with 
the second polarization direction. 

5. Proximity exposure device with distance adjust- 
ment device as claimed in claims 1 , wherein: 

a second light source and image detection ele- 
ment is provided in the distance measurement 
part; 

the second light source is at a location at which 
light emitted therefrom will be radiated through 
the objective lens onto the mask and work- 
piece; and 

- wherein an image detection element is located 
at a site where images of the mask and work- 
piece can be detected. 

6. Proximity exposure device with distance adjust- 
ment device as claimed in claim 1 , wherein a mask 
is provided for production of an image display ele- 
ment; and wherein a cross-sectional shape of light 
flux from the light source on a surface on which the 
mask pattern is formed can be encompassed by an 
opening formed in the mask pattern area. 

7. Process for determining the distanc between a 
mask and a workpiece in a proximity exposure 
device using a distance measurement part in which 



there are a light source, a pinhole plate and an 
objective lens, comprising the following steps: 

- focusing light from the light source of the dis- 
s tance measurement part onto the pinhole 

plate; 

- placing the objective lens in a beam path of the 
light between the pinhole plate and the object 
side on which the mask and workpiece are 

w located, such that a focal point of the objective 

lens which is located on the side of the objec- 
tive lens opposite an object side comes to rest 
on the pinhole plate; 

- moving the distance measurement part in an 
is essentially perpendicular direction to a mask 

and workpiece plane; 

- measuring the intensity of light reflected from 
the object side with a first light detection device 
after the reflected light has passed through the 

20 pinhole plate; 

- recording the measured light intensity as a 
function of the position of the distance meas- 
urement part and 

- establishing the positions of the distance 
25 measurement part at the two greatest meas- 
ured values of the intensity of the reflected light 
and computing the distance of the mask and 
workpiece using these positions. 

30 8. Process as claimed in claim 7, wherein the process 
steps are repeated at least three times in succes- 
sion, between which lateral displacement of the dis- 
tance measurement part relative to a position of 
prior passage is performed causing the light from 

35 the light source in the distance measurement part 
to be focused on another area of the workpiece and 
mask. 

9. Process as claimed in claim 7, wherein a beam 
40 splitter is provided in the distance measurement 

part between the light source and pinhole plate for 
dividing the light radiated from the light source into 
two parts, a first part of which is passed onto the 
pinhole plate, and a second part of which is 
45 deflected into a second light detection device, fluc- 
tuations of the intensity of the irradiated light being 
measured on the basis thereof. 

10. Process as claimed in claim 9, wherein a polarizing 
50 beam splitter is used as the beam splitter; wherein 

the light emitted from the light source is polarized in 
a first polarization direction by the polarizing beam 
splitter and is passed therethrough; and wherein 
light with a second polarization direction which dif- 
55 fers from the first polarization direction is incident in 
the second light detection device. 

11. Process as claimed in claim 10, wherein a quarter 
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wave plate is located in an optical path between the 
pinhole plate and the focal point on the obj ct side 
of the objective lens, by which quarter wave plate 
the light with the first polarization direction is con- 
verted into a circular polarization, and at the same 5 
time, the light reflected from the object side with the 
circular polarization is converted into light with the 
second polarization direction. 

12. Process as claimed in claim 7, wherein the pinhole 10 
plate is provided with a plurality of pinholes which 
are at a distance from one another. 

13. Process as claimed in claim 7, wherein the light 
emitted from the first light source is generated with 15 
a cross-sectional shape which is encompassed by 

a translucent area in the mask surface. 

14. Process as claimed in claim 7, wherein positioning 

of the distance measurement part over the mask 20 
and workpiece is performed using a second light 
source and an image detection element which are 
located in the distance measurement part, light 
radiated from the second light source being radi- 
ated through the objective lens onto the mask and 25 
workpiece and light reflected by mask or workpiece 
being detected by the image detection element. 
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